SUMMARY. Recent outbreaks of foodborne illness associated with produce have prompted national attention on grower practices and produce handling. In 1998, we conducted a survey of New York fruit and vegetable growers to compare current management practices related to manure, compost and on-farm water quality with federal guidelines to reduce food safety risk. We were able to identify areas requiring additional educational effort, particularly for small farms. The respondents (213 total) represented 36% of the produce acreage in the state and many (54%) farmed less than 100 acres (40 ha). While most growers (60% to 95%) were able to identify meat and fruit as associated outbreaks, fewer (23% to 36%) identified outbreaks associated with vegetables. Of the 76 respondents (36% of total) who applied manure or compost, most (88%) used practices that would reduce food safety risks based on federal guidelines. However, only 52% of growers identified these practices as reducing food safety risk. Most growers used surface water for irrigation (76%), but few reported testing water quality. However, we do not have standards for surface water quality or cost-effective remediation strategies. Testing ground water for bacteria was more frequently reported by organic growers (P < 0.01). Growers commonly washed produce on farm (92%) but rarely added sanitizers to this water (16%). General food safety training should increase emphasis on past outbreaks associated with produce, manure management practices that reduce risks so that growers can more accurately report on-farm efforts and record keeping of manure and water management for traceback purposes. Small farms specifically required additional training in three key areas: record keeping of manure applications, composting processes to achieve pathogen kill, and sanitation of wash water. Organically certified farms were more frequently in compliance with federal food safety guidelines for manure and water quality management than conventional growers (P < 0.05), but required additional training in proper composting to kill pathogens. These results have been incorporated into our current food safety extension efforts, which focus on design of self-assessment tools for small farms, development of bilingual food safety training materials, and dissemination of food safety presentations and resources for extension and other agricultural agencies to use in training programs.
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Contaminated irrigation and wash water has been associated with foodborne illness outbreaks on produce. Outbreaks of Eschercheria coli serotype 0157:H7 (Centers for Disease Control, 1995) and Shigella (Canadian Food Inspection Agency, 2001) were associated with lettuce that may have been irrigated with contaminated water. Microbial contamination has also been traced to unclean wash water used in the post harvest environment (Rushing et al., 1996) . Sanitizing treatments (e.g. chlorine) added to wash water were only marginally useful for reducing pathogen numbers on crop surfaces but did reduce risk of cross contamination via wash water (Francis et al., 1999; Nguyen-The and Carlin, 1994) .
We designed a survey to assess if New York fruit and vegetable grower management of manure and compost, irrigation and wash water quality conformed to federal guidelines (FSIS, 1998) . The production practices used by these growers (Reiners, 2001 ) were similar to other growers in the north-eastern, mid-Atlantic and midwestern regions of the United States (Foster, 2001; Johnson, 2001; Precheur, 2001) . Previous surveys of New York growers have been focused on pesticide use, general productivity or income, and not manure or water management practices (National Agriculture Statistics Service, 1999). Much of our survey analysis focused on small or organic farms. Results suggested specific educational needs for on-farm food safety for these small-scale, direct-to-consumer operations compared with larger farms in New York or other parts of the United States. Survey results have been incorporated into extension materials and a national food safety education program for growers (Bihn, 2001) .
Materials and methods
A written survey, containing 44 questions, assessed New York grower practices and attitudes regarding: a) foodborne illness risks (four questions), b) manure and compost management (27 questions), c) irrigation water management (nine questions), and d) produce wash water management (four questions). Individuals in the fields of food science, sociology, risk management, natural resources, animal science, and horticulture, from three institutions and local growers reviewed the survey. The revised survey was mailed in Apr. 1998 to 615 fruit and vegetable growers and a reminder card 3 weeks later. The mailing list was generated from the memberships in fruit and vegetable grower organizations (including organic producer groups) and cooperative extension and from regional farm directories.
Contingency tables were generated for responses using the following categories of growers: 1) total farmed acreage, 2) average annual acreage of produce, 3) predominately producing fruits versus vegetables, and 4) organic certification status. Chi-squared tests were performed to assess independence of response among grower categories (i.e., similar responses despite categorical differences). Responses did not vary among farms that were predominately vegetable or fruit; therefore data was pooled across this category. For the purposes of this discussion, large farms were those with greater than 500 acres (202 ha) of fruits and vegetables, medium sized farms had 100 to 500 acres (40 to 202 ha), and small had less than 100 acres. The frequencies of specific responses were compared to expected values or, in some cases, New York statistics (National Agriculture Statistics Service, 1999; New York Agriculture Statistics Service, 1999) using the one-way Chi-squared goodness-of-fit test. All statistical analysis was conducted using the SAS program (SAS Institute, Cary, N.C.). Table  1 ). All of the responding organic growers (42) managed small farms, and most (65%) farmed less than 5 acres (2 ha). In 1997, size distribution of New York fruit and vegetable farms across these same classes was 87% small, 10% medium and 2% large farms (National Agriculture Statistics Service, 1999). Our survey had a greater proportion of responses from medium and large operations compared with the state distribution (P < 0.01) ( Table 1) .
Results and discussion

GROWER AWARENESS AND ATTI-TUDES TOWARDS MICROBIAL CONTAMI-NATION AND PREVENTION.
Four questions explored grower awareness of past foodborne illness outbreaks and attitudes towards regulations to reduce risks from produce. Most growers (78% of respondents) had heard of the virulent strain of E. coli O157:H7. There were no significant differences in awareness of this pathogen between fruit and vegetable growers, by farm size or if a grower used manure or compost on their land. However, a higher percentage of organic growers (93%) were aware of this organism compared with conventional growers (73%) (P < 0.02). We expected that a similar percent of growers (78%) would be able to identify food groups associated with recent outbreaks, but this was only true for meat, poultry and seafood (95% of respondents) (P < 0.01 significantly different from expected 78%) or small fruit (72%) (P < 0.90), and not apple cider (61%) (P < 0.01), lettuce or coleslaw (36%) (P < 0.01), or melons (Cucumis melo L.) (23%) (P < 0.01). A higher percentage of organic growers were aware of lettuce related outbreaks compared with conventional growers (P < 0.001), perhaps due to an outbreak associated with organic lettuce (Hilborne et al., 1999) . Almost all (86%) of the respondents felt growers should be given general (59%) or specific (27%) guidelines on good agricultural practices to minimize risks of microbial contamination rather than regulations (2%) or no guidelines (6%). However, those growers that were applying organic soil amendments were more supportive of guidelines (P < 0.03) than those not using organic amendments. Previous emphasis on manure management and food safety appeared to affect the perception of nonamendment users on the breadth of on-farm food safety planning. All of these results suggested the need to enhance education efforts on the history of produce-related outbreaks, with strengthened emphasis on components other than manure. APPLICATION AND MANAGEMENT OF MANURE AND COMPOST. The application of organic soil amendments (manure, compost, green manure, yard waste, etc.) to agricultural land is generally encouraged to enhance soil quality as well as nutrient and waste recycling. Survey questions assessed the number of farms using manure and compost, source, targeted crops, application strategies and on-farm composting and record keeping. Results were compared to federal guidelines (FSIS, 1998) to determine focal areas for extension education.
In the survey sample, 76 of 213 respondents (36%) incorporated manure (57) or animal manure-based compost (41) into their soil management program, and none applied municipal sewage sludge (Table 1) . More
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conventional growers [42 of 171 (25%)] reported applying these amendments to their soil than the expected 10% based on grower interviews prior to the survey (P < 0.001). Conventional growers applied manure more frequently [38 of 42 amendment users (90%)] than compost [11 of 42 (26%), P < 0.001] and frequency did not vary by farm size. Among small farms, organic farms more frequently applied manure (P < 0.04) (45%) and compost (P < 0.001) (71%) than conventional farms applied manure (25%) or compost (7%) ( Table 1) . While fewer total organic acres [190 acres (77 ha)] received manure compared with conventional acres [16,000 acres (6,475 ha)], this represented 51% of the organically managed acreage in the survey, compared with 30% of the conventional acreage.
Good agricultural practices for food safety have suggested crop selection should be based on most recent manure application (FSIS, 1998) . Raw manure should be applied to allow a minimum of 60 d until harvest of vegetables, and preferably target grain or forage crops, or, upright crops (e.g. sweet corn (Zea mays L. var. rugosa Bonaf.) or peppers (Capsicum annuum L. var. annuum Grossum Group)
. In an open-ended question, many growers who used manure or compost indicated management strategies that they used to reduce the risk of produce contamination [34 of 65 respondents (52%)]. Most timed applications to achieve preharvest intervals of at least 2 months [25 of 34 (74%)] and others (9) composted manure. Organic growers were more likely to suggest practices that reduce food safety risks than conventional growers (P < 0.001). Among growers who said they did not use specific practices to reduce risk (31 of 65 respondents), 23 actually did use good agricultural practices for food safety, such as targeting manure to nonhuman or nonfresh market crops, incorporation, and composting. If these growers had identified these practices as reducing risk, then 88% of the respondents (57 of 65) would have complied with federal guidelines for manure and compost use. This suggested that greater emphasis should be placed on the good agricultural practices for manure and compost to increase grower ability to document their own practices.
About half of the manure and compost users [35 of 76 (46%)] targeted applications to land designated for nonhuman crops, such as grain, forage, or pumpkins (Curcurbita pepo L.), or to biennial or perennial crops, satisfying preharvest waiting periods. The most frequently cited crops receiving manure or compost were pumpkins, followed by other cucurbits, peppers and sweet corn. Awareness of outbreaks from contaminated lettuce, coleslaw, or melons was not correlated to decision to grow lettuce (P < 0.15), carrots (Daucus carota L.) (P < 0.094), cabbage (Brassica oleracea Capitata Group) (P < 0.24) or melons (P < 0.35) on amended land, and responses were similar between conventional and organic growers. Growers of root crops were primarily small scale (82%) (P < 0.05) and 70% of these were organic farms. While most growers were applying manure to have preharvest intervals, educational efforts must emphasize the importance of field history for low growing crops to minimize risks for microbial contamination.
For growers applying manure or compost (76), some (42%) reported these coming from on-farm animal operations (similar across farm size) but the majority used off-farm sources of manure or compost. Primarily dairy (33%) or equine (22%) manure was applied. A recent study suggested that 37% of cattle herds carried E. coli 0157:H7 and that young or transitioning animals in these herds were more likely to be shedding this organism (Bolton et al., 1999; Chapman et al., 1997) . Among respondents, larger farms were more likely to swap land with neighbors to take advantage of manure applications than small farms (P < 0.001). Education programs must emphasize importance of evaluating manure management practices of any source or land base, often extending food safety planning beyond farm boundaries.
Most growers using manure (57 total) broadcasted the manure (62%) and some incorporated immediately (33%). While pathogenic organisms show rapid decrease in numbers when surface applied to soil (Bolton et al., 1999; Wang et al., 1996) , dilution by mixing into the soil profile, plus increased exposure to competition by other soil organisms, would be expected to reduce pathogen numbers. Top dressing (applying to an established crop) with manure or compost was occasional reported (7 of 76 users), however, all these growers used fall applications to perennial crops.
Many of the growers using compost (41) ( from manure, bedding or crop residues. Most compost producers operated small farms (P < 0.01) and were organically certified (P < 0.001).
Composting reduced pathogen levels, provided piles attain high temperatures140 °F (60 °C) for 5 to 7 d (Droffner and Brinton, 1995) . Most growers had been composting for less than 2 years and only 12 of 31 compost producers (39%) monitored their pile temperatures for a target peak heat of 140 °F or higher. The frequency of temperature monitoring and targeted days for peak heating was inconsistent.
Composting strategies should complement food safety curriculum for small farms.
Record keeping of farm management practices is essential to federal guidelines (FSIS, 1998) and to traceback investigations. Many growers [51 of 76 users (67%)] kept application records of fields treated with manure or compost. Among conventional growers, large farms more frequently kept records of manure use than small farms (P < 0.05). All organic growers kept records of manure and compost applications, but only 6 of 21 (30%) small-scale conventional growers reported keeping these records. Those growers keeping records were more likely to monitor manure application rates (P < 0.001) and to adjust nutrient inputs accordingly (P < 0.001). Organic growers were more aware of the rates of applied than conventional growers (P < 0.02). Education programs should encourage small, conventional growers to maintain better records of manure and compost applications for both food safety and environmental management.
IRRIGATION WATER QUALITY. Food safety programs currently advocate irrigation water testing (FSIS, 1998 ), yet sampling and testing methods, target organisms and remediation strategies for surface water used for irrigation remain difficult to define. Fecal coliform count (a common water quality test) has a high positive correlation with fecal matter contamination from warmblooded animals (Geldriech and Bordner, 1971 ) and Salmonella contamination (several species) (NguyenThe and Carlin, 1994) . However, positive fecal coliform counts do not indicate contaminant source (municipal sewage, wild or domestic animal), pathogenicity of detected bacteria, and do not correlate with E. coli 0157:H7 incidence in 50% of water tests (Kramer et al., 1996) . Municipal and ground water generally are viewed as having lower risk for pathogen contamination than surface water. However, a recent outbreak in British Columbia, Canada was associated with irrigation of spinach with well water that had been contaminated by a poorly maintained septic system (Canadian Food Inspection Agency, 2001 ). Survey questions assessed irrigation water sources, quality testing, and grower attitudes about surface water quality and contamination sources. This information will be used to target educational efforts on irrigation water testing and management, once more concrete recommendations are available.
The majority of respondents [163 of 213 (76%)] irrigated their produce (Table 1) . This irrigated land corresponded to 68% of the vegetable acreage and 93% of the fruit acreage in the survey which was significantly higher than the state percentages for vegetable (28%) and fruit (11%) growers (P < 0.001) (NASS, 1999) . Among the respondents using irrigation, 51% were small, 37% were medium, and 12% were large farms (Table 1) . Only one third of the growers using surface water also used ground water for irrigation, suggesting limited options among most growers for irrigation water source. A higher proportion of large farms reported drawing from streams compared with small farms (P < 0.001), but farm size was not correlated to pond or well use. Conventional small farms more frequently used surface water for irrigation than organic farms (P < 0.05). Of those growers using surface water to irrigate, 85% never tested their irrigation water for nutrients, chemicals or bacteria, and occasionally tested water pH if used in pesticide sprays. Well water was more frequently tested (P < 0.01). Organic growers more frequently tested irrigation water for bacteria (19 of 32 who tested) compared with conventional growers (P < 0.001). These results reflected the ability to interpret water quality tests from well water (often farm drinking water) compared to surface water. Testing and record keeping of well water should be emphasized in food safety trainings.
Among growers using surface water for irrigation, few felt that municipal waste treatment (11%) or agriculture (13%) negatively affected their surface water quality. Yet, 47% of respondents (88 of 188) believed that other growers in their area were concerned with nitrates leaching into ground water, suggesting that respondents recognized the impact of watershed activities on ground water quality. Fruit and vegetable grower participation in local watershed or other agricultural stewardship groups could enhance awareness of potential sources of contamination of streams or other surface water used for irrigation. POSTHARVEST WATER QUALITY. Potable water plus chlorine is recommended for all postharvest washing of produce (FSIS, 1998 ), yet potable water washes alone have been demonstrated to reduce levels of pathogenic organisms by 10 to 100 fold (Bartz, 1999; Bracket, 1987) . Of the 73% (155 of 213) of growers who reported washing produce on their farm (Table  1) , 80% were vegetable growers. Wash water sources included wells (69%) or municipal water (31%), and in most cases (92%) was also farm drinking water. Organic growers more frequently reported washing produce compared with small conventional growers (P < 0.01) ( Table 1) . Among growers of fresh market crops, frequency of washing varied by crop (P < 0.001). Crops most often washed included: tomato (Lycopersicon esculentum Mill.) (81% of growers), pepper (90%), cucurbits (85%), leafy greens (90%), potato (Solanum tuberosum L.) (75%), and apple (48%). Crops rarely washed included berries (5%), brassicas (7%), or onions (Allium cepa L.) (0%).
While sanitizers (e.g. chlorine) are only minimally effective at reducing surface contamination of produce by human pathogens (Beuchat, 1999; Francis et al., 1999; Sapers et al., 1999) , they reduce chances of cross contamination of produce via water in flumes or dump tanks. The survey results suggested that growers needed additional extension education on post harvest water sanitation, based on variability of responses to questions. Only 16% of growers (26 of 159 responding) reported adding chlorine to produce wash water. Target levels for chlorine were quite variable, ranging from 50 to 200 ppm (mg·L -1 ). Monitoring of the level of disinfectant was common RESEARCH REPORTS among those users (17 of 26), but the frequency varied one to four times per day. Large and medium produce operations were more likely to add chlorine to wash water than were small farms (P < 0.001). Among small farms, 75 of 82 (91%) respondents washed produce, but only four used sanitizers. Development and extension of standardized, economical post harvest sanitation strategies are needed for small farms growing fresh market crops.
Conclusions
The survey results suggested that educational programs on food safety, particularly for small produce farms, should focus more specifically on the following areas. 1) Maintaining detailed records of manure and irrigation water applications for both food safety and environmental management. For those growers who swap fields with neighbors or use off-farm manure sources, record keeping should include management histories from these other farmers. 2) Sanitizing postharvest wash water, with addition and monitoring of chlorine or other sanitizers approved for organic certification, such as periacetic acid and hydrogen peroxide, to reduce potential cross contamination. 3) Educating all growers about past outbreaks associated with fruits and vegetables and the diversity potential contamination sources. 4) Training organic growers on proper composting strategies to reduce pathogen numbers. 5) Testing ground water used for irrigation of crops. Surface water testing remains too undefined to develop meaningful evaluations (P. McDonough, personal communication).
The highly diversified nature of farms in New York and the northeastern U.S., and their small to medium size requires design of economical, scale-appropriate post harvest sanitation strategies. These farms commonly use direct marketing, are not capital rich, and are not included in third party certification programs targeting larger wholesale growers. Sanitation strategies for these farms may require site-by-site design. After foodborne illness outbreak associated with unpasteurized apple cider, many northeastern growers were faced with the decision of whether to continue cider production, since most pasteurization equipment was unaffordable at their scale of production. While our survey did not explore cold storage facilities on these farms, extension efforts should not disregard this important strategy for minimizing pathogen growth on produce surfaces (Beuchat, 1996; Richert et al., 2000) .
Organic growers were more aware of pathogens, primarily used composted manure, could identify strategies that reduced risks from manure applications, washed produce and kept records more frequently than conventional growers. Some of these positive food safety practices were related to certification requirements. The primary area requiring additional educational effort for organic growers was in composting strategies to achieve pathogen kill. The survey suggested that if the good agricultural practices recommended by federal guidelines are dependable in reducing risk, then organic producers were in compliance more frequently than conventional growers. A voluntary, peer review similar to organic certification, could enhance food safety planning for all small farms.
Based on the survey results, we have developed self-assessment worksheets to enhance the ability of small farms to plan for food safety. These worksheets review practices from seed to farm gate and allow growers to compare their current practices with recommended good agricultural practices to identify changes that may reduce food safety risks. These worksheets follow the format used in voluntary farm environmental evaluations, such as Farm-A-Syst (University of Wisconsin Extension, 2000). In addition, a brochure and pamphlet (available in English, Spanish, and Chinese) on food safety planning were designed with needs of small farmers in mind (Bihn, 2001 ). For educators, we have released a series of educational presentations and a resource manual on food safety. Topics include basic food microbiology, production and post harvest good agricultural practices, crisis management, and creating a food safety plan. It is hoped that these materials will emphasize the importance of a comprehensive approach to ensuring food safety of produce regardless of farm scale or diversity.
